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Type 2 diabetes increases the risk of cardiovascular mortality and these patients, even without previous myocardial infarction,
run the risk of fatal coronary heart disease similar to non-diabetic patients surviving myocardial infarction. There is evidence
showing that particulate matter air pollution is associated with increases in cardiopulmonary morbidity and mortality. The present
study was carried out to evaluate the effect of diabetes mellitus on the association of air pollution with cardiovascular emergency
room visits in a tertiary referral hospital in the city of São Paulo. Using a time-series approach, and adopting generalized linear
Poisson regression models, we assessed the effect of daily variations in PM10, CO, NO2, SO2, and O3 on the daily number of
emergency room visits for cardiovascular diseases in diabetic and non-diabetic patients from 2001 to 2003. A semi-parametric
smoother (natural spline) was adopted to control long-term trends, linear term seasonal usage and weather variables. In this
period, 45,000 cardiovascular emergency room visits were registered. The observed increase in interquartile range within the
2-day moving average of 8.0 µg/m3 SO2 was associated with 7.0% (95%CI: 4.0-11.0) and 20.0% (95%CI: 5.0-44.0) increases in
cardiovascular disease emergency room visits by non-diabetic and diabetic groups, respectively. These data indicate that air
pollution causes an increase of cardiovascular emergency room visits, and that diabetic patients are extremely susceptible to
the adverse effects of air pollution on their health conditions.
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Introduction
Evidence obtained from both experimental and epide-
miological studies indicates that air pollution may have
adverse effects on both respiratory and cardiovascular
systems, even though the mechanisms of cardiovascular
damage are not completely known (1-5).
Epidemiological approaches for evaluating the asso-
ciation between cardiovascular mortality and air pollution
have shown increased risk of fatal events due to increased
concentrations of air pollution (1,3).
In São Paulo, Brazil, a time-series study carried out by
Lin and colleagues (6) highlights the relationship between
air pollutants and ischemic cardiac diseases such as an-
gina and acute myocardial infarction, in a representative
cardiovascular emergency center. An interquartile range
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increase in CO was associated with an increase of 6.4%
(95%CI: 0.7-12.1) in daily angina or acute myocardial
infarction emergency room (ER) visits. de Paula Santos
and colleagues (7), evaluating the effects of air pollution in
the city of São Paulo vehicular traffic control stations found
that an interquartile range increase in CO (1.1 ppm) was
associated with increases of 2.6 mmHg (95%CI: 1.0-4.2),
1.8 mmHg (95%CI: 0.8-2.8), and 2.4 mmHg (95%CI: 1.1-
3.6) in systolic, diastolic, and 24-h mean ambulatory blood
pressure measurements, respectively. It was also shown
that SO2 had relevant effects on blood pressure as well. An
interquartile range increase in SO2 (9.6 µg/m3) was nega-
tively associated with the standard deviation of normal RR
intervals -7.93 ms (95%CI: -15.3, -0.6), showing a reduc-
tion in the heart rate variability.
Other diseases can modify the effect of air pollutants
on cardiovascular problems. Zanobetti and Schwartz (8)
observed that, among diabetics, the risk of hospital admis-
sions for heart diseases is 2-fold greater than that ob-
served for non-diabetic people. The authors discussed
whether both diabetes and airborne particles have been
associated with decreased heart rate variability, increased
thrombosis risk factors and increases in systemic markers
of inflammation.
Diabetes is almost of epidemic dimensions in the world
where air pollution increases annually and both factors
affect the cardiovascular system. Hence, this study was
carried out to evaluate the association between air pollu-
tion and cardiovascular ER visits in subjects with and
without diabetes, in the city of São Paulo, located by the
following coordenates: latitude 23° 34’ South, longitude
46° 38' West.
Material and Methods
This is an ecological time-series study using second-
ary health data from the São Paulo Hospital of the Medical
School of the Federal University of São Paulo, a tertiary
referral teaching hospital in São Paulo’s regional health
system, with 600 beds and emergency service care for
more than 300,000 patients annually. From January 2001
to July 2003, daily records of hypertension and cardiac
ischemic disease were selected from ER visits using the
International Classification of Diseases (ICD-10: I10-I25)
(9) of adults over 18 years of age, with and without diabe-
tes (ICD-10: E10-E15).
São Paulo State Sanitary Agency (CETESB) provided
daily records of NO2, SO2, CO, O3, and PM10 for the same
period. At that time, there were 13 monitoring stations distrib-
uted throughout the city although not all of them were then
capable of measuring all pollutants in the air. We thus
adopted the measurements from all stations to calculate the
mean values per pollutant. These averages were then used
as a citywide exposure status per pollutant, with the follow-
ing characteristics: CO, the measurement adopted was the
highest 8-h moving average from five stations; NO2 and O3
concentrations were computed as the highest hourly aver-
age from four stations, and, for PM10 (12 stations) and SO2
(13 stations) the 24-h averages were adopted, according to
the Brazilian Council for Environmental Standards (Conse-
lho Nacional do Meio-Ambiente, CONAMA). All pollutants
were measured in the period from 1 am to 12 pm. Information
on daily minimum temperature and relative humidity was
obtained from the Institute of Astronomy and Geophysics of
the University of São Paulo (IAG-USP).
Statistical analysis
The first step taken was towards describing each
variable in terms of a valid number of observation
means, median, quartiles, minimum, maximum val-
ues, and standard deviation.
The daily number of cardiovascular diseases
(CVD) in diabetic and non-diabetic groups were
considered as the dependent variables in general-
ized linear Poisson regression models (10) and the
PM10, CO, NO2, SO2, and O3 concentrations were
considered as independent variables controlling
weather variables. Natural cubic spline (11) was
adopted for controlling long-time trends. For time-
trend smoothing, we used 5 degrees of freedom.
The number of degrees of freedom for the natural
spline of time trend was chosen to minimize the
autocorrelation between the residuals and Akaike
Information Criterion (12). After adjustment for time-
Table 1. Descriptive analysis of the main variables included in Poisson
regression models.
Variables Descriptive parameters
Mean ± SEM Minimum IQR Maximum
CVD ER visits (visits/day)
Diabetics 0.6 ± 0.0 0 1 5
Non-diabetics 16.8 ± 0.3 0 16 45
Pollutants
CO (ppm) 2.7 ± 0.0 0.7 1.2 12.1
SO2 (µg/m3) 13.8 ± 0.2 2.1 8.0 42.9
NO2 (µg/m3) 114.8 ± 1.6 30.9 64.3 323.7
PM10 (µg/m3) 50.0 ± 0.7 14.0 28.2 169.0
O3 (µg/m3) 94.4 ± 1.4 14.5 53.3 282.0
Weather factors
Minimum temperature (°C) 15.6 ± 0.1 3.7 5.1 21.8
Relative humidity (%) 79.1 ± 0.3 46.6 10.3 96.6
IQR = interquartile range; CVD ER = number of cardiovascular disease
emergency room visits.
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trend was done, no remaining serial correlation was found
in the residuals and, therefore, the use of autoregressive
terms was not necessary.
Since the effect of air pollution on morbidity/mortality is
distributed over time, the number of events in a single day
may be due to the exposure to air pollution not only on that
day but over the preceding days as well. Therefore, to
better investigate this pattern we included, in single pollut-
ant models, their daily levels ranging from the concurrent
day until 6 days before the ER visit. Cumulative effects
were assessed with the inclusion of 2 to 7 days moving
averages of pollutant daily concentrations. Based on a
previous study by our group (6), we adopted linear terms
(lags 0 and 1) to control both the effects of temperature and
humidity on CVD ER visits.
We estimated percentage increases and 95%CI in
CVD ER visits of diabetic and non-diabetic patients due to
interquartile range increases in air pollutant concentra-
tions.
The statistical packages used were SPSS-10.0 for
Windows and Splus 4.5.
Results
During the period of study, 45,000 ER visits were
registered due to cardiovascular diseases, of which 700
were registered due to cardiovascular diseases in diabetic
patients.
Table 1 shows the descriptive analysis of the main
variables included in the regression models. Daily mean of
ER visits due to cardiovascular diseases in diabetic pa-
tients was almost thirty times smaller than that of non-
diabetic patients. Additionally, during 50% of the periods
analyzed there were no cardiovascular ER visits by dia-
betic patients. Air pollutant concentrations were below
Brazilian air quality standards during 75% of the days
studied. By any criteria, only sulfur dioxide, among the
studied pollutants, did not exceed its standards at least
once, and São Paulo cannot be considered a cold city as it
has only a few days per year with temperatures below
10°C.
Figure 1 shows temporal trends of air pollutants, tem-
perature, humidity, and morbidity outcomes. Primary pol-
lutants presented a seasonal pattern similar to those of
Figure 1. Time trends of air pollutants, weather variables and
emergency room visit variables during the study period. CVD/
diab and CVD/nondiab are reported as daily number of cardio-
vascular disease emergency room visits by individuals with and
without diabetes.
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Table 3. Regression coefficients and standard error of the means for cardiovascular emer-
gency room visits by patients with and without diabetes, due to interquartile range increases
in air pollutants.
Pollutants Regression parameters and pollutants IQR
CVD/diab CVD/nondiab IQR
Coefficients SEM Coefficients SEM
CO
Concurrent day 0.0575 0.0410 0.0286 0.0095 1.28 ppm
Lag 1 -0.0056 0.0418 0.0098 0.0091
Lag 2 -0.0304 0.0426 0.0102 0.0089
mm2 0.0324 0.0470 0.0271 0.0108
mm3 0.0074 0.0528 0.0281 0.0120
mm4 -0.0025 0.0582 0.0306 0.0131
SO2
Concurrent day 0.0174 0.0102 0.0085 0.0022 8.02 µg/m3
Lag 1 0.0233 0.0094 0.0028 0.0021
Lag 2 0.0096 0.0097 0.0011 0.0021
mm2 0.0275 0.0114 0.0079 0.0025
mm3 0.0276 0.0126 0.0073 0.0028
mm4 0.0223 0.0139 0.0077 0.0031
NO2
Concurrent day 0.0025 0.0011 0.0010 0.0003 64.22 µg/m3
Lag 1 0.0017 0.0012 0.0003 0.0003
Lag 2 0.0012 0.0012 0.0001 0.0003
mm2 0.0028 0.0013 0.0009 0.0003
mm3 0.0029 0.0015 0.0009 0.0003
mm4 0.0022 0.0016 0.0008 0.0004
PM10
Concurrent day 0.0010 0.0028 0.0010 0.0006 28.07 µg/m3
Lag 1 -0.0014 0.0026 0.0003 0.0005
Lag 2 -0.0004 0.0025 0.0002 0.0005
mm2 -0.0004 0.0030 0.0008 0.0006
mm3 -0.0006 0.0032 0.0007 0.0007
mm4 -0.0024 0.0035 0.0008 0.0008
O3
Concurrent day 0.0004 0.0012 0.0000 0.0003 53.34 µg/m3
Lag 1 -0.0001 0.0012 -0.0001 0.0003
Lag 2 0.0014 0.0011 -0.0001 0.0003
mm2 0.0002 0.0014 -0.0001 0.0003
mm3 0.0009 0.0015 -0.0001 0.0004
mm4 0.0010 0.0016 -0.0001 0.0004
CVD/diab = cardiovascular disease in diabetic patients; CVD/nondiab = cardiovascular
disease in non-diabetic patients; IQR = interquartile range; Concurrent day = lag 0; Lag 1 and
2 = values of the previous daily pollutants according to daily emergency room visits; mm =
2-, 3-, and 4-day moving average. Values in bold indicate significant association between air
pollutant and outcome.
Table 2. Pearson correlation analysis of air pollutants and weather variables during the
period analyzed.
Variables O3 NO2 CO PM10 SO2 Minimum Relative
temperature humidity
O3 1
NO2 0.41* 1
CO 0.07* 0.58* 1
PM10 0.35* 0.68* 0.69* 1
SO2 0.22* 0.62* 0.52* 0.80* 1
Minimum temperature 0.17* -0.09* -0.18* -0.25* -0.31* 1
Relative humidity -0.36* -0.34* -0.30* -0.50* -0.44* 0.1* 1
*P < 0.05.
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cardiovascular ER visits of diabetic and non-diabetic pa-
tients, peaking during wintertime. The ozone pattern was
unique among pollutants, with peaks usually during sum-
mertime with eventual high levels in wintertime. Wintertime
is usually dryer than summertime and warm as well.
Pearson correlation coefficients (Table 2) showed high,
positive and statistically significant correlations between
primary pollutants. As expected, all of them presented
negative associations with temperature and humidity.
Ozone was positively associated with primary pollutants
and temperature, reflecting that its formation requires both,
i.e., nitrogen dioxide and sunlight as precursors.
Table 3 shows the regression coefficients and stand-
ard error of the means in cardiovascular ER visits by
patients with and without diabetes. Sulfur dioxide and NO2
presented positive and statistically significant associa-
tions with both outcomes. These effects were predomi-
nately acute (lag 0 and lag 1). Carbon monoxide presented
an acute and statistically significant effect exclusively for
non-diabetic patients. PM10 and O3 did not present signifi-
cant effects on their results.
Figure 2 shows percentage increases and 95%CI in
cardiovascular ER visits of patients with and without diabe-
tes due to interquartile range increases in CO, SO2, and
NO2 levels. Sulfur and nitrogen dioxide effects presented
similar patterns and magnitude. From concurrent day to
lag 2 and due to moving averages, effects among diabetic
patients were 2- to 4-fold those observed among non-
diabetic ones. Carbon monoxide effect in non-diabetics
presented similar lag pattern to those observed for NO2
and SO2.
Discussion
We investigated whether the effects of air pollutants on
cardiovascular diseases are modified by diabetes mellitus.
This hypothesis was presented by Zanobetti and Schwartz
(8) who showed increases in cardiovascular admissions
associated with diabetes. They observed that, among
diabetics, the risk of hospital admissions for heart dis-
eases is 2-fold greater than that observed for non-diabetic
individuals.
Our study showed an acute and positive association
between NO2, SO2, CO and daily cardiovascular ER visits
for non-diabetic individuals, with increases ranging from 4
to 6% per each observed interquartile increase.
Increases in daily NO2 concentrations have been asso-
ciated with increased cardiovascular admissions in sev-
eral studies (13-15). CO has also been associated with
admissions for cardiovascular events (16-19). Martins and
colleagues (20) showed a significant association between
elderly patient hospital admissions due to cardiovascular
diseases and SO2 in São Paulo, Brazil. This effect varied in
degree by gender, being greater in females.
Although the number of daily cardiovascular ER visits
by diabetics was not high, in the present study, the strong
and significant statistical effects of atmospheric SO2 and
NO2 concentrations were consistent with the view that
diabetes potentiates the effect of air pollutants on cardio-
vascular disease.
Goldberg and colleagues (21) also reached similar
Figure 2. Increases (%) and 95% confidence level intervals of
cardiovascular emergency room visits by diabetic (CVD/diab,
open symbols) and nondiabetic (CVD/nondiab, closed symbols)
individuals due to interquartile range increases in CO (1.2 ppm),
SO2 (8.0 µg/m3), and NO2 (64.3 µg/m3). Concurrent day = lag 0;
Lag 1 and 2 = values of the previous daily pollutants according to
daily emergency room visits; mm = 2-, 3-, and 4-day moving
average.
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results thus indicating that diabetics with cardiovascular
disease may be more susceptible to short-term effects of
air pollution. The results of our study corroborate these
findings showing a 3-fold increase on morbidity index in the
diabetic group.
Utell and colleagues (22) suggest that imbalance of the
autonomic nervous system, alterations on ion channel
function in myocardial cells, ischemic responses in the
myocardium, and inflammatory responses triggering en-
dothelial dysfunction, atherosclerosis, and thrombosis may
be involved in the pathophysiology of adverse cardiovas-
cular effects of fine particulate matter.
Although these hypotheses were developed to explain
cardiovascular morbidity and mortality associated with
particulate air pollution, similar mechanisms might as well
apply to both CO and NO2 (23). Both experimental (24) and
epidemiological studies (25,26) have linked CO, SO2, and
NO2 to cardiovascular diseases.
Allred and colleagues (27) pointed out an increase in
carboxyhemoglobin levels in response to 8-h average 9-
ppm CO concentrations when evaluated by time to onset of
exercise-induced angina and shorter ST intervals among
nonsmoking volunteers with ischemic heart diseases.
It is currently assumed that type 2 diabetes mellitus is
associated with impaired endothelial synthesis of nitric
oxide and that this might explain, at least in part, the
increased cardiovascular risk associated with this condi-
tion (28). Endothelial dysfunction contributes to hyperten-
sion buildup, arteriosclerosis, and coronary artery disease
characterized by resistance to insulin (29). Exposure to
urban air pollution also causes inflammatory responses
being associated with the progression of arteriosclerosis
and increased cardiovascular mortality. Macrophages play
a key role in arteriogenesis by releasing pro-inflammatory
cytokines and forming foam cells in sub-endothelial le-
sions (30).
Two studies published by O’Neil and colleagues (31,32)
strengthen the results of epidemiological investigations
like ours. The first one (31), involving 270 inhabitants of
Boston, MA, USA, evaluated vascular reactivity among
diabetic individuals and those with glucose intolerance. In
patients with type 2 diabetes, an association between
reduced endothelium-dependent flow-mediated and nitro-
glycerin-mediated dilations and sulfate particle (SO4-2) was
found. This suggests that air pollution exposure may be
associated with low coronary flow rate thus increasing the
risk of coronary occlusion in diabetic patients. The other
study by O’Neil (32) showed associations between air
pollutants and plasmatic levels of intercellular adhesion
molecule 1, vascular cell adhesion molecule 1 and von
Willebrand factor in type 2 diabetic patients. These mark-
ers of inflammation are involved in thrombotic pathways
and are indicators of both damage and dysfunction of the
endothelium.
Based on the results of this study, we conclude that the
effects of air pollution on cardiovascular ER visits among
diabetes patients are greater than the effects observed
among those without diabetes.
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